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本论文通过实验测定和热力学计算两种途径研究了 Co-Mo-X (X: Cr, Hf, Ta)
和 Co-Nb-X (X: Mo, Ta) 各三元系在不同温度时的相平衡。其主要研究工作如下： 
(1) 采用合金法实验测定了Co-Mo-Cr三元系在1000℃和1100℃， Co-Mo-Hf
三元系在 1100℃和 1200℃，以及 Co-Mo-Ta 三元系在 900℃、1000℃、1100℃、
1200℃和 1300℃时全成分范围内的等温截面相图，并对已报道的 Co-Mo-Ta 三元
系在 1000℃时的等温截面相图进行了修正和补充。 
(2) 实验测定了 Co-Nb-Mo 三元系在 1000℃和 1100℃，Co-Nb-Ta 三元系在
900℃、1000℃、1100℃、1200℃和 1300℃时全成分范围内的等温截面相图，并
对已报道的 Co-Nb-Mo 三元系在 1000℃时的等温截面相图和 Co-Nb-Ta 三元系在
1100℃时的等温截面相图进行了修正和补充。 
(3) 结合本研究实验测定的结果，系统地收集、整理和评估现有的热力学和
























The Co-base high-temperature alloys show potential application in the field of 
aircraft turbines and combustor sections due to their superior stress-rupture 
paremeters, excellent hot corrosion, good oxidation resistance and thermal fatigue 
resistance etc.. They will play an important role at high temperature in future. 
However, the Co-base high-temperature alloys were just developed recently, and it is 
difficult to do research on Co-base alloys at high temperatures. Thus, it is necessary to 
bulid an integrated theory system for designing the Co-base high-temperature alloys. 
In the present work, experimental determination and thermodynamic assessments 
of the phase equilibria in the Co-Mo-X (X: Cr, Hf, Ta) and Co-Nb-X (X: Mo, Ta) 
ternary systems were carried out. Major research contents are listed as follows: 
(1) The phase equilibira of the Co-Mo-Cr ternary system at 1000℃ and 1100℃， 
and the phase equilibria of the Co-Mo-Hf ternary system at 1100℃ and 1200℃. In 
addition, the phase equilibria of the Co-Mo-Ta ternary system at 900℃, 1000℃, 
1100℃, 1200℃ and 1300℃ have been experimentally determined. And the reported 
isothermal section of the Co-Mo-Ta ternary system at 1000℃ has been modified. 
(2) The phase equilibria of the Co-Nb-Mo ternary system at 1000℃ and 1100℃ 
have been experimentally determined, and the reported isothermal section of the 
Co-Nb-Mo ternary system at  has been updated. In addition, the phase equilibria of 
the Co-Nb-Ta ternary system at 900℃, 1000℃, 1100℃, 1200℃ and 1300℃ have 
been experimentally determined, and the reported isothermal section of the Co-Nb-Ta 
ternary system at 1100℃ has been modified and updated. 
 (3) On the basis of experimental data obtained in the present work, the phase 
equilibria of the Co-Mo-Ta and Co-Nb-Ta ternary systems have been calculated by 
using the CALPHAD technique. The calculated results are in good agreements with 
the abtained experimental data. 
The obtained results in this work can be applied to establish the thermodynamic 















theoretical guidance on compositional design and microstructural control of the 
Co-base high-temperature alloys. 
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高和复杂应力的严格要求。英国学者 M.R. Bedford、H.D. Piling 和 M.S. Merica
在 80/20 Ni-Cr 合金中偶然加入一些 Ti 和 Al 得到了一种现代高温合金中最基本
的强化相 γ′ 相 (γ′ 相是有序面心立方结构 (L12) 的金属间化合物相)，使得材料
的高温蠕变性能得到了很大的提高，即具有金属间化合物析出强化的尼莫尼克
75 (Nimonic75) 合金研制成功[6]。Ti、Mo、Co 等元素的添加进一步提高了高温











Ni 形成 γ 面心立方奥氏体，是高温合金的基体元素；(2) V、Cr、Mo、W 为固
溶强化元素，它们在 γ-Ni 中都有一定的溶解度；(3) Al、Ti、Nb、Ta 元素可以



















Ti、Nb 等也可形成 γ′ 相；C、N、P 等元素能形成碳化物沉淀相 (MC、M7C3、
M23C6 和 M6C)，使合金得到强化；B、Zr等元素强化晶界。一般铁基合金是通
过碳化物析出强化，使用温度普遍在600-700℃之间，最高不过750℃左右[12]。国
内外开发出一系列 Fe-Ni-Cr 系固溶强化型、沉淀硬化型高温合金，如 GH140、











在2006年，日本东北大学的石田清仁教授等人在 Co-Al-W 高温合金中发现 




1.2.1 Co 等元素的特性及在高温合金中的作用 
(1) Co 元素的性能特点 
钴 (Co)[15，16]在门捷列夫元素周期表中属于Ⅷ族金属，原子序数是 27，原子























(2) Mo 元素的性能特点 
钼 (Mo) [15，16]是瑞典的埃尔姆于 1782 年用 亚麻子油调过的木炭和钼酸混合
物密闭灼烧而得。在门捷列夫元素周期表中属于Ⅵ族金属，化学符号为Mo，原
子序数是 42，原子量是 95.94。纯钼的熔点 2890℃，沸点 4912℃，具有良好的
导热、导电性和低的膨胀系数，在 1100-1650℃的高温下有高的比强度，与钨相
比，易加工且塑性好。 
(3) Nb 元素的性能特点 























































在Co-Al-W三元合金中发现了 L12 结构的 γ′ (Co3(Al, W))相，证实了在钴基合金
中存在有序金属间化合物析出强化，并且测定了该钴基合金的最高熔点可达1100
℃(比镍基合金约高50℃) [14]；Co3Al相在Co-Al二元系中为 L12 结构的亚稳相[27]，
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